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Alexandria, VA 22313-01450 
Dear Sir: 

This Appeal Brief is filed in response to the Office Action mailed on November 28, 2008. 
Appellant's brief is due on July 28, 2009, by virtue of the Notice of Appeal filed on May 28, 
2009. Also included herewith is the fee for the brief No other fees are believed due in 
connection with this filing; however, should appellants' payment be missing or deficient, or 
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Date St^ifenL. 




L. Highlander 



APPEAL BRIEF 



should any fees be due, the Commissioner is authorized to debit Fulbright & Jaworski L.L.P. 
Deposit Acct. No. 50-1212/DEBE:052US/SLH. 

I. Real Party In Interest 

The real party in interest is the assignee, Avontec Gmbh, Gottingen, GERMANY. 

II. Related Appeals and Interferences 

There are no related appeals or interferences. 

III. Status of the Claims 

Claims 1-10 were filed with the original application, and claims 11-19 were added during 
prosecution, while the original claims were canceled. Thus, claims 11-19 are pending, stand 
rejected and are appealed. A copy of the appealed claims is attached as Appendix A. 

IV. Status of the Amendments 

All proffered amendments have been entered. 

V. Summary of the Claimed Subject Matter 

Claim 11, the only independent claim, is drawn to a pharmaceutical formulation 
comprising (a) a nucleic acid, and (b) a nonsteroidal anti-inflammatory drug, wherein said 
formulation exhibits a pH value from pH 6.2 to pH 7.0, and wherein said nonsteroidal anti- 
inflanunatory drug is present at a concentration within the range from 10 to 500 jxmol/l. This 
claim is supported in the application as filed, for example, at page 8, lines 1 to 19. 
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VI. Ground of Rejection to be Reviewed on Appeal 

Are claims 11-19 obvious under 35 U.S.C. §103 over Chouini-Lalaime et al. (Exhibit 1) 
in view of Ajmone-Cat et al. (Exhibit 2) and Gennaro (Exhibit 3)? 

VII. Argument 

A. Standard of Review 

Findings of fact and conclusions of law by the U.S. Patent and Trademark Office must be 
made in accordance with the Administrative Procedure Act, 5 U.S.C. §706(A), (E), 1994. 
Dickinson v. Zurko, 527 U.S. 150, 158 (1999). Moreover, the Federal Circuit has held that 
findings of fact by the Board of Patent Appeals and Interferences must be supported by 
"substantial evidence" within the record. In re Gartside, 203 F.3d 1305, 1315 (Fed. Cir. 2000). 
In In re Gartside, the Federal Circuit stated that "the 'substantial evidence' standard asks 
whether a reasonable fact finder could have arrived at the agency's decision." Id. at 1312. 
Accordingly, it necessarily follows that an examiner's position on appeal must be supported by 
"substantial evidence" within the record in order to be upheld by the Board of Patent Appeals 
and Interferences. 

B. Rejection Under 35 U.S.C. §103 

Claims 1 1-19 are rejected as obvious over Chouini-Lalanne et al. in view of Ajmone-Cat 
et al. Chouini-Lalanne is cited as teaching supercoiled phage DNA, 10 mM NaCl, and one of 
four different NSAIDs. Ajmone-Cat is cited for teaching the popularity of NSAIDs and that 
flurbiprofen inhibits PGE2 production. The examiner further argues that it would have been 
obvious to determine the concentration of chloride ions and the concentration of NSAID in 
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preparing a pharmaceutical. From this, the examiner concludes all of the pending claims are 
rendered obvious by these disclosures. Appellants traverse. 

Claim 11, the only independent claim, is drawn to "a pharmaceutical formulation 
comprising (a) a nucleic acid, and (b) a nonsteroidal anti-inflammatory drug, wherein said 
formulation exhibits a pH value from pH 6.2 to pH 7.0, and wherein said nonsteroidal anti- 
inflammatory drug is present at a concentration within the range from 10 to 500 ^imol/l." 

i. The examiner improperly combines the primary and secondary 
references 

The examiner has combined the teachings of Chouini-Lalanne with those of Ajmone-Cat. 
However, a careful review of these two reference shows that while, the latter certainly provides a 
listing of NSAIDs and their various therapeutic uses, the former has absolutely nothing to do 
with therapies, and thus the combination is unworkable when the full scope of both references is 
relied up. 

As has been repeatedly pointed out, Chouini-Lalanne has nothing to do with therapy. 
The inclusion of an NSAID with a DNA in this reference is for a very specific and limited 
purpose - to use DNA as a target for the possible phototoxic actions of NSAIDs. There is 
nothing in this reference that would lead one to Ajmone-Cat, at least for the purpose the 
examiner relies upon. Notably, when citing to this secondary reference, the examiner 
immediately fixates on the therapeutic aspects of the publication, but the question is why? 
Chouini-Lalanne provides no therapeutic teachings. Thus, if the examiner is to rely on Ajmone- 
Cat simply for the limited purpose of providing a listing of NSAIDs, which would in theory be 
permissible, then the rejection is still deficient as providing no guidance regarding therapeutic 
uses of DNAs combined with NSAIDs, which is the basis for the claimed pharmaceutical 



60178159.1 



-4- 



compositions. Alternatively, if the examiner attempts to extract more from Ajmone-Cat, namely 
its therapeutic aspects, then the combination with Chouini-Lalanne is completely improper, as 
the latter provides no reason whatsoever to consider therapies. 

Thus, the entire basis of the rejection constitutes an improper picking and choosing of 
those aspects of the references that "work" for the examiner's purposes, and ignoring those that 
do not. Yet a prior art reference must be considered in its entirety, i.e., as a whole, including 
portions that would lead away from the claimed invention. W.L. Gore & Associates, Inc. v. 
Garlock Inc., 721 F.2d 1540, 220 USPQ 303 (Fed. Cir. 1983). Moreover, if the proposed 
modification or combination of the prior art would change the principle of operation of the prior 
art invention being modified, as it does here, then the teachings of the references are not 
sufficient to render the claims prima facie obvious. In re Ratti, 270 F.2d 810, 123 USPQ 349 
(CCPA 1959). And indeed, where the teachings of two or more prior art references conflict 
(therapeutic versus non-therapeutic), the examiner must weigh the power of each reference to 
suggest solutions to one of ordinary skill in the art, considering the degree to which one 
reference might accurately discredit another. In re Young, 927 F.2d 588, 18 USPQ2d 1089 (Fed. 
Cir. 1991). 

' Thus, the facts of this case, and the case law cited above, clearly illustrate the impropriety 
of the very combination upon which the entire rejection relies. As such, it is clear that the 
rejection is improper and should be reversed. 

ii. The examiner is improperly ignoring an explicit claim limitation 

Moving on, and assuming arguendo that the above-noted combination of references can 
stand, the examiner has indicated that the limitation of pharmaceutical formulation may be 
properly ignored in interpreting the claims and applying the prior art. Appellants, once again, 
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submit that this is not trae - all Hmitations must be considered on their merits. Whether a 
pharmaceutical formulation would be enough to establish patentability, once considered, is 
dependent on the facts of a particular case. Indeed, In re Lerner, 169 USPQ 51 (CCPA 1971) 
stands for the proposition that an otherwise unpatentable compound is not rendered patentable by 
addition of a carrier or diluent. However, if the use of the carrier would not be obvious, the 
resulting composition could he patentable. See In re Riden etal.,\2>% USPQ 1 12 (CCPA 1963); 
Ex parte Billman, 71 USPQ 253 (POBA 1946); Ex parte Erdmann et al, 194 USPQ 96 (POBA 
1975). 

In response, the examiner continues to argue that "nothing about the phrase 
'pharmaceutical formulation' implies that it can be only for in vivo use, and pharmaceutical 
drugs are routinely tested in vitro." This obfuscated argument holds no merit. Appellants are 
their 6wn lexicographers, and the examiner is compelled to interpret the claims and terms therein 
in light of appellants' specification. At page 7, lines 16-24, appellants provide a detailed 
explanation of the claim term in question: 

The term "formulation" or "pharmaceutical formulation" as used in the present document 
means the pharmaceutical form of preparation, for example, for a drug or an inoculation 
medium, which his administered in vivo to a human or an animal, or in vitro or ex vivo to 
organs, tissues or cells, consisting of one or more active ingredients and auxilliary 
formulation agents. Active ingredients according to the present invention are nucleic 
acids. 

There would be little need, given this explicit definition of "pharmaceutical formulation" to 
proceed to an extrinsic source, but if that were done, a wholly consistent definition would be 
found: 

Pharmaceutical formulation, in pharmaceutics, is the process in which different chemical 
substances are combined to a pure drug substance to produce a final medicinal product. 
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Formulation studies involve developing a preparation of the drug which is both stable and 
acceptable to the patient. For orally taken drugs, this usually involves incorporating the 
drug into a tablet or a capsule. It is important to appreciate that a tablet contains a variety 
of other substances apart from the drug itself, and studies have to be carried out to ensure 
that the drug is compatible with these other substances. 

See www.answers.com . Thus, there is no question that this claim term clearly requires that the 
claimed subject matter be suitable for administration to a subject in vivo. The fact that, having 
satisfied this more rigorous definition, it may also be used in less rigorous ex vivo or in vitro 
contexts, does not negate the limitation of a higher standard of m vivo suitability. 

Still, the examiner argues that appellants' definition does not exclude non-pharmaceutical 
uses. Again, this comment is completely irrelevant given the definition provided above. Just 
because a composition of matter may be used in ways that are not intended - in this case for 
additional purposes not requiring pharmaceutical suitability - does not mean that the examiner is 
free to ignore explicit limitations that are part of the claims. This rejection is one for 
obviousness, not inherent anticipation, and thus the question is why one would modify the 
teachings of Chouini-Lalanne, which merely discloses the use of DNA as a target for possible 
phototoxic actions of NSAIDs, to prepare a formulation suitable not just for the in vitro test that 
was described by the reference, but for the more rigorous pharmaceutical use of a DNA-NS AID 
combination as now claimed. As discussed previously, Ajmone-Cat cannot provide any such 
motivation given that it merely discusses NSAIDs, and thus says nothing about the benefits or 
requirements of adding DNA to pharmaceutical formulation of an NSAID. 

Once again, it is black letter law that the examiner must take into consideration the 
pharmaceutical formulation limitation of the present claims, and when properly considered, it is 
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clear that the cited prior art fails to suggest such an invention. This fact alone establishes the 
patentability of the rejected claims over the cited art. 

iii. The examiner has not established the obviousness of the pH recitation 

However, the "pharmaceutical" aspect of the claims is not the only limitation lacking 
from the art. In addition, claim 1 differs fi-om the teachings of Chouini-Lalanne at least by 
having a pH range of 6.2-7.0, as opposed to a pH of 7.4. There is no comparable disclosure of 
pH ranges in Ajmone-Cat, so the question is whether there is sufficient motivation in Chouini- 
Lalanne alone to modify the pH range firom 7.4 to at last 7.0. It is well-established that some 
motivation must be provided by the examiner - either in the prior art or in the general knowledge 
in the field. None is present here. 

In order to avoid the need to provide such motivation - which is blatantly lacking from 
the art - the examiner has argued that the present invention constitutes mere "optimization," 
which is not patentable. However, appellants submit that even "optimization" requires some 
motivation, and looking at Chouini-Lalanne, the reference uses a pH 7.4 phosphate buffer to 
dilute bNA and NSAIDs, and the resulting reaction is performed in a test tube. What motivation 
is there to drop the pH from the stated 7.4 level to 6.2-7.0? Appellants submit that the answer is 
none, and hand- waving regarding optimization is insufficient because one can only optimize that 
for which there is a motivation to cause change. Ajmone-Cat is of no avail as it does not discuss 
using anything but NSAIDs, and so the question remains - why bother to "optimize" the DNA 
composition of Chouini-Lalanne when no in vivo use for such is contemplated? 

In a vain attempt to justify this line of reasoning, the examiner also argued that there is 
still sufficient motivation fi-om appellants' intended pharmaceutical use to drop the pH from 
Chouini-Lalanne' s 7.4 "to the art accepted phvsiological neutral pH of 7.0 " (emphasis in 
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original). This approach is doubly objectionable. First, the examiner has denied that there is any 
in vivo implication for the instant claims. If true, how then would one of skill in the art, looking 
at appellants' claims, discern in vivo intent as the basis for dropping the pH? Thus, entire line of 
argument is unjustified given the examiner's position above.' 

Second, appellants have submitted an expert declaration on this very point (Exhibit 3). In 
that declaration, Dr. Gerhard Burkhardt stated that the adjustment of pH was a critical feature in 
the delivery of oligonucleotides to cells. Moreover, the stated that "the adjustment of pH in this 
system is neither trivial nor mere optimization of a routine aspect." Burkhardt Declaration, Para. 
7. The examiner's only rebuttal, other than to dismiss the declaration out of hand, is to argue 
that Gennaro teaches that optimization of pH is an important, if not critical, aspect of drug 
delivery. This comment is completely irrelevant to the obviousness of a specific pH rangel 
Appellants are not claiming a process of optimizing pH, arguably what Gennaro is talking about, 
but the discovery of an optimized pHfor the delivery of ODNs. Just as with Chouini-Lalanne 
and Ajmone-Cat, Gennaro says nothing about this feature of the claims. 

Third, and more critically, where is there evidence that physiological pH is 7.0? Indeed, 
a quick perusal of the internet reveals that physiologic pH is 7.35-7.4 (see 
wvyw.answers.vahoo.com : en.vyiktionarv.org) , essentially that set forth by Chouini-Lalanne. 
Hence, again, there is no motivation to modify that reference to arrive at the claimed invention. 
Appellants have called for an Examiner's Affidavit under 37 C.F.R. §1.1 04(d)(2) to support 
reliance on personal knowledge of PTO personnel. No such affidavit has been forthcoming, and 
thus appellants' factual averments regarding physiologic pH must be admitted. 

' Put another way, if the examiner maintains that there is no in vivo implication from the term "pharmaceutical," this 
entire line of argument falls away and the pH limitation alone is enough. Alternatively, if the examiner is compelled 
to adopt an in vivo inference from the term "pharmaceutical," the claim is patentable for the reasons given above, 
and one need not even reach the question of the pH limitation. Simply put, the examiner cannot have his cake and 
eat it too. 
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iv. 



Unexpected Results 



Finally, though not required, appellants again submit that even if there were a. prima facie 
case of obviousness, the evidence or record shows a surprising resuh stemming from lowering of 
the pH from 7.4 to 7.0, namely, an increase in DNA uptake of 50% (see FIG. 3). Thus, 
although no "special property" is required for patentability here, this clearly is one as the 
examiner has not denied that such an increase would indeed be surprising. 



In sum, there is no legal basis for motivation to combine the cited art, even general 
motivation, but there are limitations in the claims that would overcome the advanced combiation 
even if proper. Nor is the presently claimed invention one of optimization, and even if it were, 

the surprising results of record would still render the claimed invention patentable over the cited 
art. Therefore, reconsideration and withdrawal of the rejection is therefore respectfrilly 
requested. 

C. Conclusion 

In light of the foregoing, appellants respectfrilly submit that all pending claims are non- 
obvious under 35 U.S.C. §103. Therefore, it is respectftdly requested that the Board reverse each 
of the pending rejections. 



v. 



Summary 




ssnectflilly submitted. 



Date: Mav28. 2009 



SteveA L. Highlander 
^eg Jjo. 37,642 



Fulbright & Jaworski L.L.P. 
600 Congress Ave., Suite 2400 
Austin TX 78701 
512-474-5201 
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VIII. APPENDIX A - APPEALED CLAIMS 



1-10. (Canceled) 

11. A pharmaceutical formulation comprising (a) a nucleic acid, and (b) a nonsteroidal anti- 
inflammatory drug, wherein said formulation exhibits a pH value from pH 6.2 to pH 7.0, 
and wherein said nonsteroidal anti-inflammatory drug is present at a concentration within 
the range from 10 to 500 jmaol/l. 

12. The formulation according to claim 1 1 , wherein the pH value is 6.5 or 7.0. 

13. The formulation according to claim 11, wherein the formulation has a chloride ion 
concentration of from 5 to 100 mmol/1. 

14. The formulation of claim 13, wherein the chloride ion concentration is from 5 to 10 
mmol/1. 

15. The formulation of claim 11, wherein the nonsteroidal anti-inflammatory drug is present 
at a concentration within the range from 50 to 250 i^mol/l. 

16. The formulation of claim 11, wherein the nonsteroidal anti-inflammatory drug is present 
at a concentration of 100 |amol/l. 

17. The formulation claim 11, wherein the nonsteroidal anti-inflammatory drug is 
flurbiprofen or indoprofen. 

18. The formulation according to claim 1 , fiirther comprising a carrier substance or additive. 

19. The formulation according to claim 13, ftirther comprising a chloride ion concentration 
within the range from 5 to 50 mmol/1. 
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IX. APPENDIX B - EVIDENCE CITED 

Exhibit 1 - Chouini-Lalanne et al. 
Exhibit 2 - Ajmone-Cat et al. 

Exhibit 3 - Gennaro 

Exhibit 4 - Declaration of Dr. Gerhard Burkhardt 
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X. APPENDIX C - RELATED PROCEEDINGS 

None 
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EXHIBIT 1 



Biochemical PhanoacoU^. VOL 55,pp. 441-^ M» '^^SSSwsSS 



© 1998 Elsevier Science Inc. All rights tesetved. 



Nonsteroidal Antimflammatory Drug-Photosensitized 
Formation o^ Pyrimidine Dimer in DNA 

Nadia ChmurU'Uknne,* Martine Defaisf and I'^icole PaSbus*^ 
*Uk»atoire MS IMRCP, UMR 5623, Universfti Paul Sabatier, 118, route de Narbonne. 31062 
TouiousE CEDEx 4, France; and tUBORAToiRE de Pharmacouwie et Toxioouxsie fc"""'^""' 
ROUTC DE Narbonne, 3 1067 Toulouse cedex, France 



ABSTRACT. Phototoxic nonsteroidal antiinflammatory dnigs (NSAIDs) may induce DNA damage m vitro 
upon irradiation. In this study, we investigated dte ability of ketoptofen (m. tiaprofenic acid (Tia), naprox 
(NP) and indomethacin (IND) to photoscnsitiie the formation of pyrimidine dimers and single strand breaks. 
Both kinds of damage were sought by analyzing DNA-drug matures irradiated at 313 nm by agarose, gel 
electrophoresis. The formation of pyrimidine dimera was evidenced by using endonudease V from bacteriophage 
T4 and compared to that induced by acecophenone, a well-known photosensitizer of thymine dimerization. 
Upon irradiation of DNA alone, pyrimidine dimeis were observed while single strand breaks were not detected 
' under our conditions. DNA, in the presence of NSAIDs, undergo<s single strand breaks, the quantum yield of 
the DNA cleavage so induced (<I>C) varying from 5 X lO"* for KP to 10 ' for IND. The formation of dimers 
was only Increased in the presence of KP or Tia. The quantum yields of pyrimidine dimers formed by 
phptosensitiiation (<PD) were 2 X IQ-' for KP and 10"' for Tia, respectively. The oxygen and 
concentration dependence of both processes was analyied in the case of KP. In aerated solution. 
KP-photoinduced cleavage of DNA was predominant on the photodiroeriiation process of pyrimidines, 
whereas in deaerated solution the cleavage was decreased 9nd the dimerizatlon increased. These results 
reflect competition between a radical process leading to DNA cleavage and a poorly efficient energy transfer 
between the drag and the pyrimidines at the origin of the dimeriiation process, biochem Pharmacol 55;4: 
441 -446. 1998. C 1998 Elsevier Science Inc. ■ . 

KEY WORDS, ketoptofeni naproxen; tiaprofenic acid; indomedncin; photocleavage; photodimetiiation 

Among the various drugs which may induce phototoxic damage by NSAIDs has also been established. In particular 

effects, the case of nonsteroidal antiinflammatory dnigs Artuso et ai. have demonstrated that BNP, KP, Tia, NP and 

(NSAIDs)§ U well known, These dnigs, widely used In the diflunisal photoinduce the fonnattot> of single strand breaks 

t of arthritic diseases, may promote enhanced (SSB) via mainly radical processes [12, 13]. Singlet oxygen, 



tuutncuus photosensitivity. After exposure to the sun, generated by these compounds under inadiation, did n 

patients may develop reactions characteriied mainly by seem to be significantly involved in the formation of SSB. 

erythema, itching, stinging and burning skin. In order to DNA breakage may be facilitated by a noncovalent drng- 

determine the origin of these phenomena, the photosensi- DNA inteiaction as recently suggested for suprofen (141 and 

tization of biological targets by NSAIDs was investigated. It naproxen (NP) [151. 

was shown that many NSAIDs which are derived from Until now. only the formation of single strand breaks has 

propionic acid and are the most phototoxic [1. 4), such as been detected during the photosensitization of DNA by 

benoxaprofen (BNP), naproxen (NP), ketoprofen (KP). NSAIDs except in the case of BNP, where the formation of 

tiaprofenic acid (Tia), suprofen and carprofen, induce pyrimidine dimers was also mentioned [13]. From a general 

membrane damage [5, 11]. Photosensitization of DNA point of view, the photosensitiiation of pyrimidine dimer- 

ization by exogenous agents has been poorly investigated 

tCcnesponding autiwr; !>. Nicole Pailkms, l^lxiratoire d« IMRCP. even though pyrimidine dimers, which may be at the origin 

. UMR 56Z3, Univetsiti Paul SalMtier, 118, route de Narbonne, Toulouse of jkin cancer, can be considered as the major lesion 

Cedex 4. France. Tel: 33 05 61 55 62 74; FAX; 33 OS 61 25 17 33; E-roaU: ^suiting from the irradiation of DNA. This led us to 

'"5'^^o«T;cracecophenone, .erhyl pl,enyl .erhanone; BNP. undertake an examination of the o«:j«Tence of «uch danj- 

benoxaprofen, :2-(4-chlorophenyl)<i-mcthyl-5-benJoxaiole acetic acid; ggg during the photosensitization of DNA by NSAIUs. It 

IND, indomcrfiacin. l.(4-clilotobenK>yl)-5-medioxY-2-metiivl.lH-ii»- known as earlv as 1967 that the main photosensitizeis 

dole 3.acetic acid; KP, ketoprofen, Z-(3-bemoylpl«nyl) propionic add; ^ Known as early as I»D, mat uie nuim p .uii«c 

UP. l^^.n'll4-mcZxy.2:n^pi«hyl) priionic ■ add; NSAII^. of pyrimidine dimer formation are carbonyl cornixHmcb 

— „ — i jai antiinflammatory drng; r, dni^NA baie pair molar ratio; S, jych as acetone, acetophenone or benzophenone 116, 20J; 

,f single strand break, per mole of DNA; SSB, single strand break; therefore, we first focused our swdy on ketoprofen (KP) and 

.fenic acid. Z-H-CZ-ben^yDthiophenyl] p^ptontc aod. t^profenic acid (Tia). which exhibit Structures close to that 



N. Chouini-Laiaiuie et ol. 



r 1 J" 

Naproien (MP) Ketoprofcn (KP) 



P CH3 CHrCOOH 

Tiapmrenik: add (TIA) IndomcthMln (IND) 

FIG. 1. Stnietuiea of the varioui NSAID campaunda teited as 
DNA photosd^ltlzen. 

of benzophenqne and are already known to be phototoxic in 
vivo and DNA breaker agents m vitro. For comparison, 
similar studies were also performed on two other NSAIDs: 
naproxen (NP), a phototoxic propionic acid derivative, and 
indomethacin. (IND). an acetic acid derivative which in 
contrast reduces UV'induced erythema. in normal patients 
[21, 221 (Fig. !)• Acetophenone (AC), a classical photo- 
sensitize! of thymine dimerization, was used as standard. 
These studies were canied out m vitro on .*x-174 DNA 
which was itrMlaied at 313 nm in the presence of the drugs. 
The. fbrmatiom of cydobutylpytimidine dimets was detected 
using phage T4 eiidonuclease V, a DNA repair emyme 
which selectively cuts DNA next to the pyrimidine dimer 
sites thus leading to single strand breab by a two-step 
mechanism [23]. 

MATEIUALSs AND METHODS 
Chemic^ ond-BiiKhemicals 

KP was purchased from Specia, Tia from Roussel Uclaf, 
IND from Merck, NP from Syntex, and AC from Aldrich. 
Supercoiled (t)xl74 DNA (MW 3,6 X IG* Da. 5386 base 
pairs per molecule) Form I was purchased from Pharmacia. 
The DNA was used after dilution in 5 mM phosphate buffer 
(pH 7.4) containing 10 mM NaCl so that the concentra- 
tion of the solution was H nM in DNA molecules or 75.4 
(iM in bp. The amount of contaminant Form 11 was 
cheiked by agarose gel electrophoresis followed by micro- 
densitometry and was less than 10%. No Form 111 was 
detected in the starting material. The electrophotesis-grade 
agarose was obtained from Touiart and Matignon. DNA 
concentrations (mg) were determined^ by UV absoiption 
spectroscopy using a conveision factor of 21- abaoifaance 
units/mg of DNA. DNA coiurentratioiu in base :patrs were 
detsimined ^ctrophotomccrically at 260 nm using, the 
extinction coefficient of 13,200 M"' cm"' [241- Phage T4 
endonuclease V was prepared according to the procedure of 
Lommel et aL (23]. Endonuclease activity checked before 



use was 4.3 X 10" sites/liUmin. All soUicions were 
prepared in phosphate buffer (5 mM, 10 mM NaCl, pM 
7.4). 



ImtdUaion Procedure 

Samples were prepared by mixing 5 jiL of 14 nM DNA 
(75.4 mM bp), 5 |i.L of drug solution at a fixed coneentia- 
tion in phosphate buffet and 10 \il of phosphate buffer. 
The sample containing DNA alone was prepared from 5 
of 14 nM DNA and 15 jiL phosphate buffer. The mixture 
was placed in glass tubes (3 mm diameter) and incubated 
for 20 mln in the dark. For experMi^ents in deaetated 
conditions, the starting solutions were (list bid^fed with 
argon and the tubes containing the mixtuie Acn flushed 
with aigon and cqpp«d. AU tfie concentrations given in the 
text aie the final cenceiitiatitnis in die tubes. Except fdr KP 
experiments using drug concentrations varying.from 2.5 to 
180 (iM, the NSAID concentration was 25 ixM. Absor- 
bance at 313 nm in the tube was 8.7 x 10"* for KP, 9.4 X 
10"^ for NP. 50 X 10"* for IND, 1 13 X 10"^ for Tia, 0.7 
X 10"* for AC and 1.2 X 10"* for DNA. 

The solutions were irradiated at 313 nm for various 
periods of time wid\ a Muller reactor device equipped wiA 
a 200 W high-pressure mercury lamp (Osrara), a water 
cooling filter and an interference filter (Oriel 313FS 10-50 
12% transmission at 313 nm, bandwidth 10 nm). The 
eneigy was monitored with an EGG Gamma rafiiotneter- 
photometer system. The power receivediby the samples was 
CO. 1.4 10-^ W/cml 



PhoUiserwitixfd (MMOge Experimem • 
After irradiation, 5 |j,L of a mixture cotitaining 250 mM 
HEPES pH 7.45, 75% glycerol and 0.05% btomopheftol 
blue were added to the inad^ted solution. The sano^e.was: 
then analyzed by electrophotesis on 0.?% agsmwe Iwriion- 
tal slab gel iti Tris borate buffer, and quwtifi(patiqn of the 
various forms of DNA (I, II, UI)i was p^iformed;^ deserifed 
by Amjso et d. [12]. The number of single strand breaks per 
mole oif DNA (S) generated, by photosensitiiatiiffln. was' 
calculated from the.relative peicentage of.Foiims l.andill, 
assuming a Ppisson distribution and u^'die forroiija S .= 
In aCo, where 0^ is the initial conceitttation of Di^lA in 
Form I and C the concentration of Form 1 after irradbticin. 
A coefficient of 1.66 was used to correct the lower effi- 
ciency of ethidium bromide binding to DNA to Form I with' 
respect to Fbrins 11 and 111 [25J. Thb quantum yield of 
photosensitiz«l formation of single stiand.breaks (<tC) was 
calculated :fr(>n» the.;toial number of DNA breaks per sec 
aiid the nnjiAet (rf |jhiot!i^: ab&ajed <lijring the same time 
by.the clnig in the smpK. the; rate of SSB tii^ 
ev^luated.usij^onlj£^ lUvear part of^flie curve iS =i f(0 to 
minlm&e tlnf'ptijii^l^p^^ by die phdu>- 

degradarion of the diiig mid the occurrence 6i inefficient 
cleavage or dimerizationsieactlons on fiorm U. 
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PhotosensUbied Dimentotwn Experiments 

At the end of the iitadiatton, DNA was .precipitated by 
addit ion of 100 (jiL of cold edianol and 2 pi. of 3 M sodium 
acetate buffer (pH = 5.5) to the irradiated mixture. The 
samples were kept in dry ice for an hour and centrifuged for 
45 min (10,000 X g). The residue was washed in 70% 
ethanol, centrifuged and dried under vacuum. Twenty fiL 
of diluted phage T4 endonuclease V in Tris-acetate buffer 
(pH = 8) were added to the residue, and the solution 
incubated for 30 min at 37". Proteins were removed from 
the mixture by washing with chlorofotm'phenol-isoamyl 
alcohol. The samples were further treated by the same 
procedure as used for the cleavage experiments. Controls 
used the same procedure without endonuclease and the 
residue was dissolved in 20 |i,M phosphate buffer. It could 
be considered that the number of dimsts due to the direct 
excitation of DNA in the mbcture is very likely similar to 
that obtained in the absence of dnig, since the solution was 
for too dilute to absorb all the light arriving on the sample, 
both drug and DNA having very low absorbance. In 
experiments using KP (25 (iM) as photosensitizer, only 
2.3% of the incident light was absorbed by the sokitioii: 
0.27% by DNA and 2% by KP. Consequently, the quantuiin 
yield of photosensitized formation of dimers (4>D) could, be 
evaluated from the number of single strand breaks detected 
after treatment by phage T4 endonuclease V, after subtrac- 
tion of the number of single strand breaks obtained before 
treatment and of diose corresponding to dimers resulting 
fifom irradiation of DNA alone. The values t>f quantum 
yields of both; cleavage and dimerization processes obtained 
by itiis method were slightly underestimated since these 
reactions, occurring on Form II and not leading to Fonn III, 
were not taken into account. 



RESULTS 

Comparative Study of the Photosensit<«ation of DNA 
Drniage by Various NSAlDs 

NSAID photosensitiiation of DNA damage was carried out 
by irradiating at 313 tun phosphate-buffered solutions of 
KP, Tia, NP, IND and AG (25 jiM) containing supercoiled 
<I>x 1 74 DNA (Form 1, 18.85 |jiM in base pairs) over periods 
of up to 40 sec. The formation of SSB was then analyzed by 
agarose gel electrophoresis. As seen in Fig. 2, all the 
NSAlDs photosensitized the formation of SSB. Compari- 
son of these effects for the various compounds at the same 
concentration corresponding to a drug to base pair molar 
ratio of 1.4 shows that Tia and KP were significantly more 
efificient than NP. IND or AC stated as reference. In the 
case of IND and AC. it shoukl be noted that S did not vary 
with the irradiation time and remained very bw. The 
qualitative data previously reported (12, 13] can dius be 
quantified. The quantum yields of SSB (4>C) induced by 
NSAlDs under irradiation at 313. nm under our conditions 
varied horn 5 X lO-* for KP to 10~' for IND, while AC 
exhibited a higher quantum yield (1-4 X 10"^) (Table 1). 



S 

.1,5 ■ 




' 0 10 20 30 40 SO t(gec) 

riG. 2. Infloerice of iira^atioii time on tbe mean number of 
SSB per DNA inolecule (S) plwt^uced iii die ptetenpe of KP, 
Tia, NP, IND and AC at a same concentration (Z5 |tM) br in 
the absence of photosenailizer. 



Irradiation of DNA alone, under die same conditions, 
dkl not induce the formation of SSB, but the action of 
phage T4 endonuclease V on the. solutbn pf irradiated 
DNA promoted SSB coiresponding to the formation of 
dimets. Wh«i DNA was irradiated in the presence of KP or 
Tia or AC, the number , of dimers thus formed was in- 
creased. This number was not signiiicantly modified by NP 
and was slightly reduced by IND. Among the whole set 
compounds studied, AC was by far the most efficient 
photosensitizer of pyrimidine dimerization. Regarding only 
NSAlDs, it appears that only KP and Tia photosensitized 
the formation of pyrimiditw dimers in DNA. The number 
of dimers due to the photosensitization was plotted versus 
the irradiation time. Figure 3 shows that the dimers induced 
by NSAlDs iiicreased slightly with the irradiation time 
except for NP. In this case, a clear enhancement of the rate 
of ibrmation of the dimers was observed after a short period 
of irradiation. This modification of the behavior of NP with 
the irradiation time may be due to the formation of 
photodegradation products more efficient than NP itself. 
The quantum yields of dimerization induced on DNA by 
NSAID photosensitization <I>D at 3 13 run were found to be 
2 X 10-'' for KP, 10-5 and g x 10"^ for AC for a 

drug/DNA base pair molar ratio of 1.4. As can be seen in 
Table 1, NSAlDs mainly photosensitize DNA cleavage. 
They are less efficient on pyrimidine dimerization. 

TABU 1. Quantum yidd* of SSB (4>C) and dimen («D) 
due to the photosensitiatloii by NSAlDs and AC (25 fiM, 
r - 1.4) at 313 nm 



KP Ila NP IND AC 



*C X 10^ 0.5 • 0:05 0.1 0.01 1.4 
*D X lO' 0.2 0.01 6 



N. Chouini^Ulaniieeto/. 
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Influence cf the Pretence of Qxnen and of Qnw 
n m th« PhotosoisMtotion 0NA 



The influence of various parameters was studied in the 
particular case of KP, When the saine experiments as above 
were peifbnitied under a nitrogen atmoqjhere, the KP- 
photosensltizid formation of S$B was twofotd lower than in 
the presence' of air. In contrast, the number of dimers 
photosensitized by the drug was increased by a factor of 1;6 
(Fig. 4)^ The presence of oxygen quenched the photosen- 
sitized formation of dimets and simultaneously etJianced 
the formation of SSB. 

The influence of the drug concentration on the effi- 
ciency of both reattions was studied for a change in KP 
concentration 2.5 |iM to 185 |j.M, r varying from 0.14 
to 10.3. The nuntber of SSB observed for a constant time 
(10 sec) of irradiation of DNA (18.85 fiU) increased 
slightly from 0.23 to 0.35 as r was varied from 0.14 to 1.4 
and then remained at the same level when r was increased 
up to .10.3. The phoiosensitization of pyrimldine dimets by 




KP. 

KP only occurred when the concentration was sufficiently 
high. The number of dimers per mole of DNA, induced by 
the drug for the same tiine of irradiation, becaijne signifb»u>t. 
(0;16) only for t = 1.4. Then, it increased to 6.28 wKen r 
increased up to 10.3. The quantum yields of both drayage 
and dimerization processes decreased as r increased (Fig: 5). 

DiseusaoN 

Our findings demonstrate that NSAIDs photosensitize 
DNA damage with different efficiencies depending: on the 
structure of the drug and the type of damage. As previously 
repotted, all the compounds investigBt<id induce DNA 
cleavage upon irradiation at 313 nm [12-13, 15]. The 
quantum yields of SSB formation, 4»C, vary from 5. X 10"^ 
for KP to 107* for IND at 313 nm for a dijjg to DNA'base 
pairrattor - 1.4. Theyateof the^iheohjer.ofma^jttjde 
as the value recently given by Condorelli et ol. for Siipitofsh; 
<I>C = lO"* for r = 1.8 [14}. The quantum yield deter- 
mined by De Guldi et aL for. Naproxen for r < 0.5 was 
slightly-higher, 4 J X 10"^ [22] than that given here for r = 
1.4, which is consistmt with the fact that the quantum 
yield decreases as r increases. 

The mechanism pct^iosed for these chain breaks is a 
Type I mechanism.112-151 involving hydfoxyl radicals. It is 
welt known diat hyi&oxyl radicals defected by scavengers 
are very, efficient iii chain break production [26]. Sudv. a 
mechari»m';ha?-beeri glven by Chsfflier et d. for.benM^e- 
ndne [16, 27]/>hytbcwyl radicals resulting from hydrogen 
ab6traction:iby the excfctd triplet state of benzophenone to 
a molecule of water; Siivce then, charaeterization of the 
final ptoduots of.jKilfinie and pyrimldine photosensltization 
by benzoidimone H» cqnfli^ irivtUvenient of a Type 
i .tneduailsm, biitr iii^ettes .that the' initial step is more 
likely an electron transfer from the bases to tHe triptet^ 
excited, benzophenone rather than hydrogen abstraction 
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[28-30). Recently, flash-photolysis Kpertments on benzo- 
phenone-adenine mixtures which indicate the formation of 
the benzophenone radical anion, have supported this hy- 
pothesb [311. Such a mechanism, leading to die fonnation 
of a nucleotide radical cation which is rapidly depiotonaied 
to give the neunal radical, could also explain the DNA 
cleavage observed. The behavior of KP under itradiatibn, 
which may be compared to that of benzophenone [32J, leads 
us to propose, as for KP-mediated DNA cleavage, the 
participation of a charge transfer process. The influence of 
the presence of oxygen, which increased the yield of chain 
break production mediated by benzophenone . [27], was 
correlated to a decrease in the rate of benzophenone 
photolysis in the presence of oxygen. The same effect on 
<I>C is observed here with KP. Found also by Attusb etal. for 
short irradiation times, it was reversed for longer periods of 

""when DNA is inadiated In the presence of NSAIDs, 
pyrimidine dimers are formed simultaneously with SSB. 
However, it appears that only KP and,Tia promote the 
formation of more dimets than those observed by irradiat- 
ing DNA alone. The quantum yields of dimers arising from 
photosensitization were co. 2 X lO"* for KP, 10"' for Tia 
and 6 X 10"^ for AC. This latter value may be favorably 
compared to the quannim yield of thymine dimerization 
photosensitized by acetophenone, 1.6 X 10"^ [33]. In 
contrast with KP aiul Tia, NP and IND do not enhance the 
formation of dimers in DNA upon inadiation, IND leading 
to a number of dimers lower than that formed in the 
absence of drug. Thus, it appears that only NSAIDs with a 
carbonyl function photosensitize the fonnation of pyrimi- 
dine dimers. It is well known that many excited ketones can 
react with DNA by triplet energy transfer [34, 35]. This 
requires the triplet state of the photosensttizer to be higher 
than that of thymine (73 kcal mol"'), which is the 
moiionucleotide lowest in energy [31]. Benzophenone, with 
a triplet energy of approximately 69 kcal mol"', is not a 
good candidate for such a transfer. This explains how 
bei^ophenone, as well as benzophenone-like compounds 
such as KP or Tia, promotes pyrimidine dimeis only in a low 
yield [36]. The competition between electron and energy 
ttaiisfer may also reduce the fonnation of dimers, since in 
this case the triplet state is quenched by the electron donor 
(37). NP, which may have a triplet state close in energy to 
that of naphthalene derivatives (59-61 kcal mor') [38], 
caruiot sensitize the formation of pyrimidine dimers, as 
observed. The value of the triplet state energy of IND was 
not known, but the quenching observed with IND suggests 
that; it would be lower than that of thymine, the energy gap 
thus allowing energy crai\sfer from an excited state of DNA 
to the ground state of IND to occur. 

The influence pf oxygen on the efficiency of photodlmer- 
izatibn by KP is in agreement with the involvement of an 
energy transfer. The decrease in the number of pyrimidine 
dimers observed in the presence of oxygen may be attrib- 
uted to quenching of the triplet state of the drug by 
molecular oxygen. The same effect was observed with dimer 



photosensitization by benzophenone, acetophenone and 
acetone [39]. The variation of the drug/DNA base pair 
molar ratio induces an increase iii, the number of SSBs or 
dimers induced after 10 sec of irradiation. In the case of the 
cleavage reaction, this number reached a constant value for 
r > 1.4 which cannot be attributed to self-qutfnching. 
since the concentration of the drug was. very low (~10~' 
M). Another hypothesis may be proposed to explain the 
presence of this plateau. Recently, Dp Guidi el d. [15] 
observed a similar pattern of variations for NP-induced 
DNA cleavage. They assumed that a dnig-DN A complex is 
formed and that only DNA-bound NP molecules are 
responsible for the cleavage. A similar association may 
explain the saturation observed in our case. 

In conclusion, this paper presents one of the first exam- 
ples of phototoxic drugs photosensitizing the formation of 
cyclobutylpyrimidine dimers in DNA in wtro. KP and, with 
a lower efficiency, Tia, simultaneously itiduce chain breaks 
and dimers. Theii behavior may be considered as T«sulting 
from their henzophenorie'llke structure, which Is able to 
induce both election arid energy transfer to DNA [32, 37]. 
Their ability to ibim thymine dimers, which sire one of the 
majbr lesions of DNA following UV inadiatlon, make such 
photosetuitizeis particularly dangerous. 
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Increasing experimental, clinical, and epidemiological 
studies point to the pivotal role of inflammation in the 
pathogenesis of acute and chronic neurodegenerative 
diseases and to the protective effects of nonsteroidal 
antiinflammatory drug (NSAID) therapies. Nonetheless, 
NSAID long-term therapies are limited by their significant 
adverse effects on gastrointestinal tract and kidneys. 
Nitroflurbiprofen (NO-flurblprofen) belongs to a novel 
class of antiinflammatory agents obtained by derivatlza- 
tion of conventional NSAIDs with a nitric oxide (NO)- 
releasing moiety, which strongly reduces their untoward 
side effects without altering the antiinflammatory effec- 
tiveness. The recent evidence of neuroprotective effects 
of NOtNSAIDs in animal models of chronic brain inflam- 
mation prompted us to investigate the activities of NO- 
flurbiprofen and its parent molecule flurbiprofen on acti- 
vated rat microglia, the brain resident macrophages. We 
found that NQ-flurbiprofen was as potent as flurbiprofen 
in preventing prostaglandin Eg synthesis in lipopoly- 
saccharide-activated microglial cultures. At variance with 
previous observations on peripheral macrophages is that 
NO-flurbiprofen did not show any additional capacity to 
inhibit interleukin-1 p synthesis compared with flurbipro- 
fen. Moreover, NO enhanced the expression of the in- 
ducible NO synthase; this effect was most likely attribut- 
able to the NO released from the drug, as suggested by 
experiments performed in the presence of the NO donor 
Deta-NONOate, which similarly to NO-flurbiprofen is 
characterised by a slow and long-lasting release. Our 
findings indicate that NO-NSAIDs may differently affect 
peripheral and brain macrophages. Given their potential 
therapeutic role in brain inflammation, further in vivo and 
in vitro studies are required to understand fully their 
mechanism of action in the CNS. J. Neurosci. Res. 66: 

71 5-722, 2001 . © 2001 Wiley-Liss, Inc. 
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Nonsteroidal antiinflammatory drugs (NSAIDs) are 
among the most widely used therapeutic agents for the 
treatmeiit of pain, fever, and inflammation. Their benefi- 
cial effects are largely attributed to the suppression of 
prostaglandin (PG) synthesis at sites of inflanuiiation, 
through the inhibition of the activity of the PG biosyn- 
thetic enzyme, cyclooxyt^enase (COX; Smith and Willis, 
1971; Vane. 1971). 

On the other side, long-term therapy with NSAIDs- 
is associated with significant adverse effects on the gastro- 
intestinal tract and the kidneys that strongly Hniit their 
clinical use (Soil et a!., 1991; Segasothy et al., 1994). 
Among the several strategies adopted to reduce these 
untoward effects, a promising approach is based on the 
addition of a nitric oxide (NO)-releasing moiety, through 
an ester linkage, to conventional NSAIDs (e.g., aspirin, 
diclofenac, flurbiprofen). The rationale behind this deri- 
vatization is the exploitation of the vasoactive propeity of 
NO and of its ability to inhibit leukocyte adherence to the 
mucosal vascular endothelium and protect the gastric mu- 
cosa against damage induced by irritant agents (Mac 
Naughton et al., 1989; Kitagawa et al., 1990). In vivo and 
in vitro studies (Wallace et al., 1994a,b; Cirino et al., 1996; 
Fiorucci et al., 1999a) have shown that NO-releasing 
NSAIDs show a reduced gastrointestinal toxicity profde 
while retaining intact, or even enhanced, antiinflamma- 
tory effectiveness of the parent compounds. As an exam- 
ple, nitroflurbiprofen (NO-flurbiprofen), the nitroderiva- 
tive of flurbiprofen, suppresses systemic PG synthesis and 
COX-1 and COX-2 activities as effectively as the parent 
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NSAID (MitcheD et al., 1994; Santini et al., 1996) and, in 
addition, displays an in vivo- and in vitro-enhanced anti- 
thrombotic activity (Wallace et al., 1994a; Cirino et al., 

1995). 

In recent years, the important role of inflammation 
and glial activation in the pathogenesis of several brain 
disoidirs has been clearly established, and epidemiological 
and experimental data have suggested a beneficial role of 
NSAIDs in both chronic and acute neuropathologies (Mc- 
Geer and McGeer, 1999). To date, little is known con- 
cerning the effect of NO-releasing NSAIDs on brain 
inflammation. Recent in vivo studies, based on a model of 
chronit brain inflammation elicited by infusion of bacterial 
endotoxin (lipopolysaccharide; LPS) within the CNS of 
young rats, indicate that daily peripheral administration of 
NO-flurbiprofen reduces the number of activated micro- 
glial cells as judged by the decreased expression of major 
hisrocompatibility complex (MHC) II antigens (Hauss- 
Wegrzyniak- et al., 1998) and protects cholinergic neurons 
of the basal forebrain (Wenk et al., 2000). 

In the present study, we compared the effects of 
NO-flurbiprofen and flurbiprofen on purified rat micro- 
glial cultures activated by exposure to a proinflammatory 
agent such as LPS to examine whether these drugs could 
differentially niodif)' some important functions associated 
with microglial activation, such as PG, interleukin-ip 
(IL-IP). and NO generation (Chao et al., 1992; Minghetti 
and Levi, 1995). We found that NO-flurbiprofen and 
flurbiprofen were able to inhibit PGEo production to a 
similar extent. Furthermore, NO-flurbiprofen compared 
with the parent molecule did not show any additional 
abihty to inhibit IL-ip synthesis, but rather it enhanced 
the LPS-dependent inducible NO synthase (iNOS) ex- 
pression. 

MATERIALS AND METHODS 

Reagents 

All cell culture reagents were from Gibco (Grand Island, 
NY), except for RPMI 1640 medium, which was from Hy- 
Clone (Cranilington. United Kingdom), and Glutimax 1 sup- 
plement containing L-alanyl-glutaniint, which was from Life 
Technologies (San Giuliano Milanese, Italy). Flurbiprofen and 
HCT1026 (Nd-flurbiprofen) were kindly provided by NicOx 
(Paris, France) and dissolved in dimethylsultbxide. The BCA 
protein assay was from Pierce (Rockford, IL). The ELISA kit for 
rar IL-lp was from Endogen Inc. (Woburn, MA). Purified 
COX-2 (from sheep pl.icenw) and iNOS (from mouse macro- 
phages) and specific aiuibodies tbi-' COX-2 and iNOS were 
obtained from Cayman Chemical Company (Ann Arbor, Ml). 
The pHjPGE, (specific activity 164 Ci/mmol) and western bloc 
enhanced chemiluminescence (£CL) detection system were 
from Amersham International (Amersham, United Kingdom). 
Deta-NONOate was obtained from Alexis (Liiufelfmgen, Swit- 
zedand). The monoclonal antibody MRC OX-42 was pur- 
chased from Serotec (Oxford, United Kingdom). Specific anti- 
body for PGE2 and all other chemicals, including LPS (from 
Escherichia coli, serotype 026:B6), were from Sigma (St. Louis, 
MO). . . 



Cell Cultures 

Microglial secondary cultures were prepared from 10-14 
day mixed primary glial cultures obtained from the cerebral 
cortex of 1-day-old rats, as previously described (Levi et al., 
1993) and in accordance with European Communities Council 
Directive No. 86/609/EEC. Microglial cells, harvested from the 
mixed primary glial culmres by mild shaking, were resuspended 
in basal Eagle's medium (BME) supplemented with 10% heat- 
inacrivated fetal calf serum (FCS), 2 mM glutamine, and 
100 |xg/ml gentamicin and plated on uncoated plastic wells at a 
density of 1.25 X 10^ cells/cm". Cells were allowed to adhere 
for 20 inin and then washed to remove nonadhering cells. After 
24 hr of incubation, the medium was replaced with fresh me- 
dimn containing the substance(s) under study. The cultures 
consisted of 2:99% microglia/macrophages (positive for the 
macrophage marker EDI) and cell viability was greater than 
95%. as tested by trypan blue exclusion. 

The mouse monocytic/macrophagic cell Une i;0\W 264.7 
was maintened in RPMI 1640 medium supplemented with 10% 
heat-inacrivated FCS. 100 U/ml penicillin. 100 |Jig/m] strepto- 
mycin, and 2 mM Glutamax I and seeded on uncoated plastic 
wells at a density of 6 X 10' cells/cm'. After 24 hr of incubation, 
the medium was replaced with fresh medium containing the 
substance(s) under smdy. 
PGE2, IL-lp, and NO Determination 

The supernatants of cells incubated for different intervals 
with or without LPS and/or other agents were collected, cen- 
trifuged, and stored at -20°C until tested. PGE, content was 
quantified using a specific radioimmunoassay (Minghetri and 
Levi, 1995). The level of PGE., present in 10% FCS-containing 
media was less than 25 pg/ml (assay detection limit). The levels 
of IL-ip were assayed by specific ELISA, following the manu- 
facturer's instmctions. The range of detennination was 10- 
1,000 pg/inl. 

The production of NO was determined by measuring the 
content of nitrite, one of the end products of NO oxidation, by 
a procedure, modified by Tracey (1992), based on the diazou- 
dation of nitrite by sulphanilic acid (Griess reaction) as previ- 
ously deiicribed (Minghetti et al., 1996). Briefly, 40 p.1 of 5 mM 
sulphanilamide, 10 |j,l of 2 M HCl, and 20 p,l of 40 mM 
N-(l-naphthyl)-ethylene-diamine were added to 150 |J.I of cul- 
ture medium. After 10 min of incubation in the dark, the 
absorbance at 490 nm was measured by a microplate spectio- 
photometer. A standard nitrite curve (0-50 |xM) w-as generated 
in the .same fashion using a 10 inM solution of NaNO,. The 
detection limit was 0.25 p,M: 
Western Blot Analysis 

Cell lysates were prepared as previously described (Ming- 
hetti and Levi, 1995), and protein concentration was me.nsured 
by BCA protein assay. Equal amounts of proteins (25 |xg) were 
sep.arated by SDS-PAGE and transferred to nitrocellulose mem- 
branes. Membranes were blocked with 10% nonfat milk and 
incubated with monoclonal ana-COX-2 (1:500) and anti- 
iNOS (1:2,500) antibodies for 1 hr at 25''C. Horseradish 
peroxidase-conjugated anti-rabbit IgG (1:5,000; 1 hr at 25°C) 
and ECL reagents were used as .a detection system. Purified 
COX-2 and iNOS were used as standard controls (0.5 |xg/lane). 
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Tlie optical density of tlie bands (integrated area, arbitrary units) 
was measured with a GS-700 Imaging Densitometer (Bio-Rad, 
Hercules, CA) and referred to the corresponding control sam- 
ples (taken as 100%), which were run in the same gel. 

ImiTiiihofluoresccncc 

Microglial cells were plated on coverslips at 1.25 X lO' 
cells/crii- density and incubated with or without LPS and/or 
1 \i.M flurbiprofen or NO-fluibiprofen for 24 hr. At the end of 
the treatment, the cells were .stained with primary monoclonal 
antibody OX-42 [1:50; 40 rain at room temperature (RT)], 
which recognizes the type 3 complement receptor (CR3), then 
fixed in. 4% parafonnaldehyde. Binding of primary antibodies 
was then revealed by fluorescein-conjugated goat and-mouse 
IgG fF(ab')2 fragment]. Coverslips were mounted in DAJ3CO 
[l,4-diazabicyclo(2.2.2.octane)l solution and examined using a 
Polyvar fluorescence ultratnicroscope (Reichert). 

Statistical Analysis 

Data are e.xpressed as mean ± SEM, with the number of 
independent experiments (run in duplicate) indicated in paren- 
thesis, i.e., (n). Comparison between treatment groups was 
made by paired Student's (-test. A two-tailed probability of less 
than 5% (i.e., P < 0.05) was taken as statistically significant. 

RESULTS 

To study the e.tTects of NO-fliirbiprofen and flurbi- 
profen: on niicro£;lial fimctions. cells were incubated for 
24 hr with or without 10 ng/nil LPS in the presence of 
increasing amounts of the two drugs (0.01-10 (xM). As 
.shown in Figure lA, unstimulated microglial cells pre- 
sented, a rounded and simple moiphology, as typically 
described for purified cultures (Visentin et al., 1995). LPS 
treatment cau.sed only a modest morphological alteration; 
cell bodies were less spread out and had few thick pro- 
cesses (Fig. 1.B). The two drugs, at 1 (jiM concentration, 
did not affect cell morphology under unstimulated condi- 
tions (Fig. lC,£). whereas they partly reverted LPS- 
induced morphology (Fig. 1D,F). 

In the concentration range tested (0.01-10 (jlM), 
neither drug affected PGE2 basal level (not shown), but 
both prevented the LPS-induced PGE, accumulation in a 
dose-dependerit mamier (Fig. 2). At a 0.1 }iM dose, flur- 
biprofen effectively inhibited the LPS-induced PGEj 
(46% ± 4% of inhibition, mean ± SEM, n = 4), whereas 
KO-flvirbiprofen did not show sigmficani inhibition (11% 
± 5%, n = 4). At a 1 p.M dose, the two compounds were 
equally able to down-regulate the LPS-induced PGEj 
synthesis (62% ± 6% and 63% ± 9% of inhibition for 
flurbiprofen and NO-flurbiprofen, respectively, n = 5). 
Highei: concentrations (5 and 10 \xM) reduced PGEo 
production by more than R0%i but only moderately af- 
fected cell viability; therefore, the 1 (xM dose was adopted 
for the following investigations. The extent of inhibition 
of COX activity remained essentially unchanged when the 
analy.sis was extended for up to 48 and 72 hr of treatment, 
and no difference between NO-flurbiprofen and its native 
compound was detectable (not shown; n = 3). In addi- 
tion, western blot analysis (Fig. 3) showed that the drugs 



(1 p,M) did not affect the expression of COX-2, the 
inducible isoform of PG's biosynthetic enzyme (95% ± 
1 3% and 1 1 4% ± 24%, of LPS-induced COX-2 expression 
for NO-flurbiproten and flurbiprofen, respectively, n = 
5).' which has been shown to be the major isofonn in 
activated microglia (Minghetti and Levi, 1995). 

We then evaluated the effects of the two NSAIDs on 
a further imponanr product secreted by activated micro- 
glia, the proinflammatory cytokine IL-ip. When micro- 
glial cells were stimulated for 24 hr with 10 ng/ml LPS, 
the IL-ip content in the culture supernatants was 510 ± 
167 pg/nJ (n = 5), whereas it was undetectable in un- 
stimulated cultures. The level of IL-ip in the supernatants 
from LPS-stimulated microglial cultures was moderately 
but significanriy depressed by both flurbiprofen and NO- 
flurbiprofen (1 |xM). The inhibitory activity of the two 
drugs was comparable, being 29% ± 13% and 20% ± 4% 
for flurbiprofen and NO-flurbiprofen, respectively (P < 

0. 05 and P < 0.005 vs. LPS for flurbiprofen and NO- 
flurbiprofen, re.spectively, n = 5), suggesting that low and 
long-lasting levels of NO do not regulate IL-ip produc- 
tion in microglial cells. To support this hypothesis further, 
we investigated the regulation of miccoglial IL-1(5 .synthe- 
sis by Deta-NONOatc, an NO donor characterized by 
slow release kinetics (half-life 20 hr at 37°C. pH 7.4; 
Keefer et.al., 1996) similar to that of NO-flurbiprofen 
(Santini et al., 1996).' We found that 1 (JlM Deta- 
NONOate did not affect the LPS-induced IL-1|3 secre- 
tion and did not further enhance the inhibitory effect of 
flurbiprofen, consistently with the lack of additional ac- 
tivity of NO-flurbiprofen compared with flurbiprofen. 

Finally, we investigated the possible modulatory ef- 
fect of flurbiprofen and NO-flurbiprofen on NO synthe- 
sis, another function related to microglial activation (for 
review see Minghetti and Levi, 1998). As shown in Table 

1, after 24 hr in the presence of LPS, NO synthesis was not 
affected by the two drugs (1 p-M). However, after 48 and 
72 hr of stimulation, flurbiprofen, but not NO- 
flurbiprofen, caused a consistent decrease of nitrite accu- 
mulation. The basal level of NO production was unaf- 
fected by the two drugs (not shown). To unmask the 
possible contribution of NO released by NO-flurbiprofen 
to the nitrite levels, we perfonned parallel experiments in 
the presence of the NO-synthase inhibitor NMMA 
(200 p-M), to abrogate the endogenous. NO production 
induced by LPS (Minghetti et al., 1996). In the presence of 
LPS and NMMA, NO-flurbiprofen was responsible for a 
small increase in nitrite accumulation (0.37 ± 0.18 }jlM, 
n == 5), which could not account for the differences in the 
levels of nitrite reported in Table I, in the presence of 
NO-flurbiprofen or flurbiprofen. 

To investigate further the differenrial effects of NO- 
flurbiprofen and its parent molecule on the NO synthetic 
pathway, we analyzed by western blotting the expression 
of iNOS, the inducible enzyme synthesising NO in LPS- 
activated microglia (Fig. 4). Interestingly, we found that 
LPS-induced iNOS expression was increased by NO- 
flurbiprofen (142% ± 19%, n = 5; P< 0.05 vs. LPS and 
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Fig. 1 . EfToct of flurbiprofen and NO-flurbiprofen on microglial mor- 
pliolot;;)-. Microglial cells were treated for 24 hr with or witlioiil I (JlM 
flurbiprofen (F) or NO-flurbiprofen (NO-F) in the presence or in the 
absence of 10 ng/ml LPS. Cell morpholog)- was analyzed by immu- 
nofluorescence staining for the type 3 complement receptor (CR3). a 



P < 0.0025 vs. flurbiprofen), whereas flurbiprofen was 
devoid of effect (108% ± 20%, n = 5; Rg. 4A). The 
NO-donor Deca-NONOate (1 ixM), alone or with 1 (xM 
flurbiprofen, caused an enhancement of LPS-induced 
iNOS expression (Fig. 4B) comparable to that elicited by 
1 jjuM NO-fliu-biproCsn (139% ± 11% and 134% ± 8% for 
Deta-NONOate and Deta-NONOace plus flurbiprofen, 
respectively, n = 3; P < 0.05 vs. LPS-induced iNOS), 
suggesting that NO released from either NO-flurbiprofen 
or Deta-NONOate, by increasing iNOS expression, 
could counteract the inhibitory effect of the flurbiprofen 
moiety on iNOS enzymatic activity (Table I, Fig. 4). 




surface antigen expressed by unsrimubted and activated microglia. 
A: Microglial cells in nonstiniul.ited conditions; B: 10 iig/nil LPS- 
stimulatcd cells; C,E: nonscimulatcd cells incubated with 1 |xM NO-F 
or F; D,F: LPS-stiniulated cells incubated with 1 H.M NO-F or F. 



To verify whether the effect of NO-flurbiprofen on 
microglial NO production could be particular to this brain 
macrophage population, we compared microglia with the 
murine cell line RAW 264.7, a widely used model for 
peripheral macrophages. RAW 264.7 cells were stimu- 
lated with 1 ixg/ml LPS, known to evoke PGEo and NO 
production (Guastadisegni et al., 1997), in the presence or 
in the absence of increasing doses (1-250 \xM.) of NO- 
flurbiprofen. The NO-NSAID efficiently abolished the 
LPS-induced PGE2 synthesis, even at the lowest concen- 
tration used (94% ± 1% of inhibition at 1 jjlM concen- 
tration, n = 6). At variance with the case for microglia 
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Fig. 2. Dose-resiJonsc curves for inhibition of LPS-inducfd I'GEj 
production in rat microglial cells by either flurbiprofen or NO- 
fiurhiprofeii. Supernatants from microglial cultures exposed to increas- 
ing closes of either flurbiprofen (F) or NO-flurbiprofen (NO-F) in the 
presence or in the absence (not shown) of 10 ng/nil LPS were collected 
after 24 hr of treatment. PCE, content was detected by .specific radio- 
immimoassay. Data reported arc means i SEM from five independent 
experiments run in duplicate. U'S-induced PGB^ levels were 330 i 
120 pgml (i) = 5). *P < 0.05 and < 0.005 for NO-F plus LPS 
vs. LPS: **/' < 0.025, ****P < 0.0025. and *****P < 0.001 for F 
plus LPS vs. LPS. 



(Fig. 5A), it reduced the LPS-induced NO production in 
n dose-dependent manner (Fig. 5B). The percentages of 
inhibition of LPS-induced nitrite accumulation were 26% 
± 6%, 45% ± 8%, and 73% ± 2% for 1, 50, and 250 |xM 
NO-flurbiprofen, respectively (n = 6). RAW 264.7 cel- 
lular viability was not affected by any of the concentrations 
tested. 

DISCUSSION 

NO is an extremely reactive molecule that can di- 
rectly or indirectly interact with a variety of targets, in- 
cluding transcriptional regulators, enzymes, and receptors 
(Stamler, 1994; Melino et al., 1997; Dimmeler et al., 1997; 
Dimmeler and Zeiher, 1997; Clementi et al., 1998; Fi- 
orucci et al., 1999b). The derivatization of NSAIDs with 
an. NO-releasing moiety may widen the pharmacological 
potentials of these drugs, limiting the untoward side effects 
of the native compounds and even improving their ben- 
eficial antiinflanimator>', analgesic, or antipyretic activities, 
as shown in several studies using models of peripheral 
inflammation. 

To gain information on the potential therapeuric 
ex-pbitation of NO-NSAIDs in brain inflaniniacion, we 
have analyzed and compared the effects of the NSAID 
flurbiprofen and its derivative compound NO- 
flurbiprofen on some functions of activated microglial 
cells, such as PGEo, IL-ip, and NO biosynthesis. 

We found that, at micromolar concentrations, flur- 
biprofen and NO-flurbiprofen were equally potent for 




LPS . + + + 

NO-F - ■ + - 

F . . . + 

Fig. 3. Effect of flurbiprofen or NO-flurbiprofen on LPS-stiniulated 
c6X-2. Microglial cells were treated for 24 )ir with or without I (xM 
flurbiprofen (F) or NO-flurbiprofen (NO-F) in the presence or m the 
absence of 10 ng/ml LPS. Cell lysates were prepared, and equal 
amounts of proteins were analyzed by western blot using ami-COX-2 
antibodies. Protein bands were visualized using horseradish pero.xidase- 
conjug-ated secondary antibodies and ECL. Top: One experiment 
representative of five is shown. Bottom: The intensity of the bands was 
measured by densitometry and the value (arbitrary units) for LPS- 
induced COX-2 taken as 100%. Means ± SEM of the percentages 
obtained in five independent CNperiments are shown. 



inhibiting LPS-stimulated PGEj production, without al- 
tering the expression of the induced COX-2. These ob- 
servations are consistent with previous studies on human 
monocytes performed at comparable drug concentrations 
(Santini et al., 1996) and confirm that NO-flurbiprofen 
retains its full ability to inhibit PGE, synthesis by prevent- 
ing COX activity rather than COX expression. 

At doses abrogating PGEt accumulation by more 
than 60%, both flurbiprofen and NO-flurbiprofen were 
able to inhibit, though moderately, the LPS-induced 
IL-1p release. In apparent conflict with this observation, it 
has been recently demonstrated that another NO-NSAID 
(i.e., NO-aspirin), but not its parent molecule, decreased 
i L- 1 P secretion in mouse and human LPS-challenged 
macrophages (Fiorucci et al., 1999b. 2000). This inhibi- 
tory effect was attributed to the S-nitrosylation and con- 
sequent inhibition of ICE/caspase 1 activity required to 
process the IL-13 precursor into its active secreted fomi. 
The inhibition of caspase activity was also shown for other 
NO-NSAlDs, including NO-flurbiprofen. In keeping 
with tliis view are several observations made with LPS- 
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TABLE I. Effect of Flurbiprofen and NO-Flurbiprofen 
LFS-Induccd Nitric Oxide Production+ 
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before stiinularioi). Cultures were then incubated \vi 
(F) oi- NO-Hiirbiprofen (NO-F) in (he presence of I 
nat,ints were collected after 24, 4K. nnd 72 hr nnc 
acciinuilation. Data, expressed as porcenta|;es of LPS-indiiced nitrite 3' 

duplicate, lii the presence ot" LI'S alone, nitrite accumulation wa.s 2.5 
0.66 n-M. 4..% ± 1.60 ilM. ami 12.61 ± 5.43 (iM at 24. 48. and 7; 
respectively (in the absence of LPS, with or without F or NO-F. ni 
levels were undetectable). 
«P < 0.05 vs. LPS and vs. LPS plus NO-F. 

*♦/> < 0.01 and P < 0.05 vs. LPS or vs. LPS plus NO-F, respective! 



,<!:iimilated peripheral macrophages indicating that die syn- 
thesis of IL-la and -iP can be inhibited by NO in an 
autocrine or paracrine fashion (Obermeier et a!., 1999). 
The different behavior of microglial cells could be due to 
the atypical phenotype of these brain resident niacro- 
pliages, as demonstrated under other circumstances (Guas- 
tadisegni et a!., 1997; Minghetti et al., 1999). Moreover, 
the observation that Deta-NONOate, alone or with flur- 
biprofen, did not have any effect on IL-ip secretion in 
LPS-stinuilated microglial cells further supports the notion 
chat, iii this cell type, IL-ip is not regulated by low and 
long-listing NO levels. 

At variance with the effects on the prostanoid cas- 
cade and [L-ip production, flurbiprofen and NO- 
flurbiprofen showed distinct effects on LPS-induced NO 
generation and iNOS expression. Indeed, flurbiprofen, 
but not NO-flurbiprofen, significantly reduced the LPS- 
induced nitrite accumulation after 48 and 72 hr of treat- 
ment. -On the opposite, the LPS-induced iNOS expres- 
sion was unaffected by flurbiprofen but significantly 
increased by NO-flurbiprofen. This unique effect of NO- 
flurbiprofen was most likely due to the NO released by the 
drug, as suggested by the similar enJiancing activity of 
Dera-NONOate when added to LPS-activated microglia, 
alone or inxombination with flurbiprofen. Therefore, we 
suggest that the NO released from the NO moiety, by 
enhancing the expression of iNOS, could counteract the 
inhibitor)' effect of the native molecule flurbiprofen on 
iNOS enzymatic activity'. The mechanism by which the 
NO released by NO-flurbiprofen enhances iNOS expres- 
sion in microglial cells is still unknown. We have previ- 
ously shown that iNOS expression is slightly decreased by 
the NO donor SlN-1 (Minghetti and Levi, 1998; and 
unpublished observations). However, it is known that 
concentration, release kinetics, and concomitant presence 
of superoxide are critical factors in determining the bio- 
logical effects of NO (Stamler. ,1994). As for IL-ip pro- 



Fig. 4. Effect of flurbiprofen. NO-flurbiprofen, or Deta-NONOate on 
LPS-stimulated iNOS expression. A: Microglial cells were treated for 
24 lir with or without 1 jiM flurbiprofen (F) or NO-flurbiprofcn 
(NO-F) in the presence or in the absence of 10 ng/ml LPS. Cell lysates 
were prepared and equal amounts of proteins analysed by western blot, 
as for Figure 2. Top: One experiment representative of five. Bottom: 
The intensity of the bands was measured by densitometry and the value 
(arbitrary units) for LPS-induced iNOS wken as 100%. Means ± SEM 
of the percentages obtained in five independent experiments are shown. 
*P < 0.05 and P < 0.0025 vs. LPS or vs. LPS plus F. respectively. 
B: Microglial cells were treated for 24 hr with 1 |xM Deta-NONOate 
with or without 1 p-M flurbiprofen (F) in the presence or in the absence 
(not shown) of 10 n^/ml LPS. Cell lysates were prepared and proteins 
analyzed by western blot as described above. Top: One experiment 
representative of three is shown. Bottom: The intensity of the bands 
(means ± SEM from three independent experiments, calculated as 
described above) is shown. *P < 0.05 vs. LPS induced iNOS. 



duction. NO-flurbiprofen showed an effect on the micro- 
glia] NO-generating system different from chat reported 
for other cellular populations. 

Indeed, NO-flurbiprofen has been shown to inhibit 
iNOS expression or activity in the murine macrophage 
cell line J774.2 (Cirino et al., 1996) and in rat neutrophils 
in vivo (Mariotco et al., 1995). In both cases, the inhibi- 
tory activity was ascribed to the NO released by NO- 
flurbiprofen, which could probably act by preventing the 
activarion of the transcription factor nuclear factor (NF)- 
kB, involved in the trascriptional control of iNOS (Co- 
lasanti et al., 1995; Peng et al., 1995). As for J774.2, we 
found, in contrast to microglia, that NO-flurbiprofen 
caused a dose-dependent inhibition of LPS-induced NO 
synthesis in RAW 264.7 cells, a widely used model for 
peripheral macrophages. Once more microglial cells, in 
spite of their close relationship to peripheral macrophages, 
may respond in a peculiar way to analogous treatment, as 
a result of their adaptation to the unique cerebral envi- 
romiient (Minghetti and Levi, 1998). 

In conclusion, our data indicate that the addition of 
an NO moiety to the NSAID flurbiprofen does not impair 
the ability of the drug to inhibit some functions of acti- 
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NSAID Inhibition of Microglial Activation 721 
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Fiy. 5. Eftect of NO-flurbiprofen on nitiice accunuilacion in LPS- 
activateci microglial and RAW 264.7 cultures. Microglial cells (A) and 
RAW 264.7 cells (B) were siibcultured for 24 hr in ITO FCS- 
concaining incdiiiiii. which .was replaced with 400 (il of fresh medi 
before stimulation. Cultures were then incubated with 
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LPS (1pg/ml) . + + + + 
NO-F(^M) - - 1 50 250 

NO-flurbiprofen (NO-F) in the presence of LPS (10 ng/ml or 1 |Xg/ml 
for microglia and for RAW, respectively). Supernatants were collected 
after 24 hr and analyzed for nitrite :icciinuibtion. Data reported are 
means ± SEM from six independoit experiments. *P < 0.05 and 
without **P < 0.005 vs. LPS-induced nitrite accimiiilation. 



vated microglin. such as the production of PCs and it-ip, ■ 
which play an important role in brain inflammacion. More 
intriguing is the ability of NO-flurbiprofen, but not of 
flurbiprofen, Co increase the expression of iNOS in. LPS- 
accivated microglia. Whether this effect also occurs in vivo 
remains to be determined. NO is a well-recogniEed me- 
diator of tissue damage in inflammatory and autoimmune 
diseases, but, recently, immunomodulatory functions have 
also been ascribed to NO. As was previously mentioned, 
its biological effects depend on its local concentration, the 
cellular microenvironment, and the stage and type of 
disease (for review see Kolb and Kolb-Bachofen, 1998). 
Therefore, it. is difficult to speculate on the possible final 
outcome of NO-flurbiprofen enhancement of microglial 
iNOS expression. Given the robust evidence for a reduced 
gastroto.N'icity profile of NO-flurbiprofen, further in vitro 
and in vivo studies are required to elucidate the potential 
therapeutic role of the NO-NSAID in brain inflamma- 
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Oak)mel«1edtrode, 



when the normai hydJ-ogen electrode chain- sbowjun Fig 3 is 
usod. It IS necessajy to subtract the potential -due to the 
ealorael electrode Itself from the obseFved voltage* :As the 
magtwtude of Siis :VO)^^^ge: depends-w ithe coBCSfria^iJliop of 
i)t><3sstujm chloride in the calamel-electrode. ^fietrolytfi, it is 
mci'ss'dvy to know the coMentration of ^ former. For 
roost purposes a saturated potassitim cWoride solution tsused 
wluch pt educes potential difference of 0.24S8 V, Ac- 
cat (liriglj , before using Eq Sh for .toe caleulaaaH of pH from 
the voltage of a cell made. up of a calprnel and a: hydrogen 
»kctrod€ dipping into the soltttloii to be totted, DvaiS&V inwst 
ba subtracted frora the observed pote^M differsnee. Ex- 
pnsssed matheraaticaJly . Eq 9 1 is used for calculating pH firojm 
the po!-ential differenceof such aeell. 



consists of a piece of gold or piatinum wire or foil dipping into 
the solution to be tested, in which has been dissolved a small 
quantity of quinhydrone. A calomel electrode may be used 
for reference, just as in determinations with the hydrogen 
electrode. 

Quinhydrone consists of an equimolecular mixture of qui- 
none and hydroquinone; the relationship between these sub- 
stances and hydrogen-ion concentration is 
Quinone + 2 hydrogen ions + 2 electrons ^ hydroquinone 

In a solution containing hydrogen ions the potential of the 
quinbydrons electrode is re!lat,ed logarithmically to hydronium- 
ioh^ibricenft-ation if raSio of &e hyiiroquinone concentra- 
tion to that of qaindnetsconslant and prMticallyequ^^^^ 
This ratio is maintained in am acid solution eontaitving an 
■escesfs, of qtuHhj^dmne, and roSasurennente may toe ihade 
quickly and a^ieuhitely; hiiwever. q^^^ 
in solutions more alkaline than pH 8. 

An electrode which, because of its simplicity of operation 
and freedom from contamination or change of the solution 
being tested, has replaced both the hydrogen and quinhy- 
drone :eleetrodes IS tix(; gkw$ eLeclrocle. It functions by vir- 
tue Of the fact tiiat when a thin membrane of a special cotnpo- 
siUQn of glasi* separates two solutions of different pH, there is 
deveJoped across the membrane a potent48l difference which 
depends on the pll of both solutions If the pH of one of the 
solutions is known, the other may be calculated from the 
potential difference. In practice, the glass electrode usually 
consists of a bulb of the special glass fused to the end of a tube 
of ordinaiy glass. Inside the bulb is placed a solution of 
known pH, in contact with an internal silver- silver chloride or 
other electrode. This glass electrode and another reference 
electrode iire immersed in the solution to be tested and the 
potential difference is measured. A potentiometer providing 
elecaroaic awfefiM^atioiv of .the small cunent produced is 
emgdoyed^ -^"nie modem mstruments available permit read- 
ing the pH directly and provide also for compensation of 
variations due to temperature in the range of 0-50° and to the 
small but variable asymmetry potential inherent in the glass 
electrode. 



pH=- 



0.058J 



C91) 



In measuring the potential dlffersnee between the elec- 
trodes- it is imperative that very httle current- be; drawn from 
tse ceil, for wth current flowmg the voltage changes, owing to 
polanxation effects at theeleotrode, Because erf this it is not 
S^3^^l^.>i<; to make accurate measurem«fvts with a vttoeter 
wKi( h requires appreciable cuffent to operate it; ■ In its plsce 
a potentiometer Ls used vAich does ncft'draw a current from 
{heCf*^!! bmng nK!a.sared. 

Th«re are many hrii:itattOns to the use of tlie hydrogen 
eteetrode 

issihiesnwt be used iiiisolutions coiitaining strong oxidants such as ferric 
i«;im*romates, nitric iwid, pei'Ojtide orcWorine or reductants, such as 
iSSliUWftus jicid and hydrogen suJflds. ■ 

It 15 svffccted by Che presence of oi?;<Mi)6 compounds which aie-Teduced 

i:5:feirfe«iaity. ; i s.; 

ft miiiol be used successfuliy jn soIuUOrs containing cations that fall 
fs^«fe,»s«iiiydro(5en in the electrocheitnicialsefies: 

Bfislic re8ij)rs are obtained i« llie measuremenl of unbuffered soluuons 
Siasitessspeeiaj psw.autions are taken. 
!s;:#3<f:tTOUbl«sorne to prepare and msintain. 
§Sice other electrodes more convenient to use now are avail- 
fOffe, the hydrogen electrode today is used rarely. 
Ste'mheie&s, it is the ultimate standard for pH measure- 
to avoid some of the difficulties with the hydrogen elec- 
tfade, the quinhydrone electrode was mtroduced and was 
giQpalsr for a long time, particularly for measurements of actd 
~ ■ The unusual feature of this electrode is that it 



Pharmaceutical Significance 

In the broad reabn of knowledge concerning the prepara- 
tion and action of drugs few, if any, variables are so important 
as:.plh. Far the purpose .of;.thi« presentation, four principal 
typ^:9f:j3i-d€pen4.erwe of^d^ systems wiH. be diiscussed: 

DnigSolvbilUy 

if a salt, NivA, is added to water to give a concentration C„ 
the follQwlng reactions occur; 



A - + HjO i?i HA + OH - 
If li»e pH;Qf the sohtti^in lowered, inore of the A" wocdd be 
cffflverted to the unicmized acid, HA, in accordance with Le 
Chstelier's prmd;pie. . Eventually, a pi will be abtataedi ;be- 
low: which the -ismouBt of HA formed exee«<fe; :as aqueous 
-soiubiifeyj % and tJte acid will predpitsite frora^^s^ 
pHican beiidesignated sas pH^ At this point, at which. the 
ainovmt bf HA.forRted just eqaals So, a mass bailee on Jhe 
toMamovHjtof dmg in«0Eatfe8;yields 

n^mmg{A'^]MAtm hydronium 



whi^eKit jslhe i^zatioft Gonstaaatfer i^e coiyugate acid, HA, 
md f 8aO* L refers to the tiydroniuntrian concentration above 
y^U<^mmi>i'^m wiO: omir. TOis equation can be rear- 
fjoigedto give 

(H30+lp = i(r<,^^ (94) 

Taking logarithms gives 

pHp = pJir„ + log (95) 

Thus, the pH below which precipitation occurs is a fujictioft of 
the amount of salt added tftttialiy , tlie pK^ and the solubility of 
the free acid formed from the sait. 

The analogous equation for aaiis of weak; bases aod strong 
acids (such as jrilocarpine hydro!d!Jtori4e, :C0(»iae lwi^^ 
ride or codeine phosphate) woutdb^. : 

Sit ■■ 

Ln which pK'a refers to the protOHatedfomi of the vceak base. 

Example— Belo'M what pH;\»Bf fire8,pheisobwfe;l?fti b?g»i» pre^^^^ 
from a solution initially conttajU^ 1 -S f Of jpilfeSofeftrStai/ 1 OiO jivt 

at 25''? The molar solubility of pheiiobarbital O.pOSO and ti» pK,, is 
7.41. Tlie molecular weight of Mi8iOT:jji»Bnobatbitai^ 

The molar concentration of salt iititi^ly added is ■ • 

■' raoiwt. 254 :.: 

01861 0i095 
pH„=7.« +108^-553 

= 7.41 + 0.96 =?: 

Kaampie— Above what pH.^m ftee c6cain« begSfi to. preciptote from a 
solution initially conKOning 0.0284 *nt>te ^f eScrinfe hydJ'oehloride/L? 
The pKt of cocaine is 5.59, and its molar soliibflity is 5.60 x 10"'. 

pa:„ = p«r„ - pffi = 14:66 - Md ^ 8.4 1 

0;b056 

pH, = 8.41 + log o;05f94_o.MSS 

.= 8.41 + (-0jea>«.7.Sf?i,:...; ; 



Drug Stability 

One of the most diversified and fruitful areas of study is the 

investigation of the effect of hydrogen-ion concentration on 
the stability or, in nnore general terms, tiie reactivity of pharma- 
ceutical systems. The evidence for enhanced stability of sys- 
tems when these are maintained within a narrow range of pH, 
as well as of progressively decreasing stability as the pH 
departs from the optimum range, is abundant. Stability (or 
instability) of a system may result from gaiji or loss of a proton 
(hydroger^ ion) by a substrate molecule — often accompanied 
by an electronic rearrangement — ^which reduces (or increases) 
the reactivity of the molecule. Instability results when the 
substance desired to remain unchanged is converted to one or 
more other, unwanted, substances. In aqueous solution, in- 
stability may arise through the catsilytic effect of acids or 
bases, the former by transferring a proton to the substrate 
molecule, the latter by accepting a proton. 

Specific iUustrations of the effect of hydrogen-ion concentra- 
tion on the stability of medicinais are myriad; only a few will be 
given here, tliese being chosen to show the importance of pH 
adjustment of solutions that require sterilization. 

Morphine solutions are not decomposed during a 60- 
minute exposure at a temperature of 100° if the pH is less than 
5.5; neutral and alkaline solutions, however, are highly 
unstable. Minimum hydrolytic decomposition of solutions 
of cocaine occurs in the range of pH of 2 to 5; in one study a 



solution of cocaine hydrociilonde, mitially at a pH of 
remained stable during 2 months (although the pH droppedfe^, 
4.2 in this time), while another solution buffered to about pHi^ 
underwent approximately 30% hydrolysis in the same imsL 
Similarly, solutions of proGame hydrochlondf contamjng 
hydrochloric acid showed no apprec)at)te defionipositum, wf^i 
dissolved in water alone, S% of the praeaine hydrochloric 
hydrolyzed, while when buffered to pH 6,5, from 19 to SWi^ 
underwent decomposition by hydrolysis. Solutions of tfeb- 
mine hydrocltloride may be sterilized by autociavitig withoaJ 
appreciable decomposition if the pH :is below 6; above thi&s 
thiamine hydrachloride is unstable. 

The stability of rrnmy disperse systems, and especially !>f 
certain emulsions, is often pH-dependent. Moraatior. t(.i' 
cemmg specific femulsion systems, and the effect of pi I Ui>o" 
them, may be found in Chapter 20. 

Drug AclwUy 

Drugs that are wesUs acids or weak, bases, and hence raa^ 
exist in ionized or nomotiKed forrt-tCer STOixture of both), oia? 
be active in one form but not m the otlier; often su<h fljiigs, 
have an optimum pk range for maximum activity, Tluv*, 
mandelic acid, benzoic acid or salicylic; acid have pi oih)' .i i • i, 
antibacterial activity in nonionized form but have i>r.ii ■ k ,i!ly 
no such activity in ionized form. Accordingly, those 
stances require an acid envuonment to function efl ei 1 1 volv a<i 
antibacterial agents. For example, sodium benzoatc is i liec- 
tive as a preservative in 4% concentration at pH 7.0 in I' 06 to 

0. 1% concentration at pH 3.5 to 4.0 and in O.Oi' to 0 OM 
concentration at pH 2.3 to 2.4. Other antibactei al agents, 
on the other hand, are active principally, if not (.■ni-rclv in 
cationic form. Included in this category are the acnduK;!} 
and quaternary ammonium compounds. 

Drug Absorption. 

The degree of ionization and lipoid solulwlilv oi .i (in^; .m 
two important factors that determine the rate of ab'-oipti mcl 
drugs from the gastrointestinal tract and, indeed, thtir pi.-, 
sage through cellular membranes generally. Vim", wlHch 
are weak organic acids or bases, and wliich in nonio'u, i-d Iniiv 
are soluble in lipids, apparently are absorbed througl ■ i.!' Aa' 
membranes by virtue of the lipoidal nature of the mei, bi d'n"^ 
Completely ionized drugs, on the other hand, arc 'i-oiimi 
poorly, if at all. Rates of absorption of a variety o. dn.i,'s jfy. 
related to their ionization constants and in many cs -<'s m j> Ix- 
predicted quantitatively on the basis of this relauonship 
Thus, not only the degree of the acidic or basic character Of a 
drug but consequently also the pH of the physiolngii.tl rin- 
dium (gastric or intestinal fluid, plasma, eerebroj-piiuii flu n, 
etc) in which a dnig is dissolved or dispersed — since this plJ 
determines the extent to which the drug will be converted U) 
ionic or nonionic form — ^become important parameters of 
drug absorption. Further information on drug absorption is 
given in Chapter 41. 
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2. Optimization of the pH of a solution containing decoy.oligonucleotides (dODNs) or DNA 
is critical for the delivery of these compounds to the interior of the target cell. Presently, 
it is not known at a molecular level how dODNs and DNA cross cellular membranes. A 
simple diffijsion can be firmly excluded because of the high water solubility that is due to 
the presence of numerous negative charges in these molecules. Therefore, it remains that 
dODNs and DNA are taken up into cells by anion channels, a transporter of the solute 
carrier femily (SLC femily), and/or by endocytosis. 

3. Anion channels are - in my opinion - unlikely candidates for dODN or DNA uptake. 
Given the inside negative membrane potential in the range of -40 to -70 mV, these 
channels would , fecilitate the efflux of the highly negatively charged dODN or DNA 
rather than providing an entry pathway against tlie membrane potential. 

4. Among the transporters. SLC19A1, the reduced folate carrier-1 (RFCl fl]) is a strong 
candidate for dODN or DNA uptake because Ais uptake can be competed out by folate. 
This transporter that is expressed in virtually all tissues of the human body, has a 
relatively low affinity for folate, and a high affinity for the antineoplastic methotrexate. It 
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is believed that folate uptake by RFCl occurs together with the uptake of protons (or the 
release of hydroxyl ions). An acidification of the extracellular solution (= increase of 
proton concentration or decrease of hydroxyl ion concentration) would enhance the 
activity of RFCl. The adjustment of pH is, therefore, critical for the ftinction of RFCl. 
and would similarly be important to RFCl-mediated uptake of dODN or DNA. 
Moreover, the pH dependence of RFC may differ between cells / tissues and depend on 
the phosphorylation status of the transporter [2]. It appears that in many cells the optimal 
folate transport activity by RFCl is at pH 7.4, which is higher than observed by the 
present inventors in their studies. This would argue against a major contribution of RFCl 
to the uptake of dODNs and DNA at low pH, but does not exclude a major involvement 
of RFCl in uptake at physiological pH (7.4). 

Besides RFCl, folate receptors (FR) may be responsible for dODN and DNA transport. 
PR. may be involved in folate delivery to target cells [3,4]. These receptors bind folate 
with very high affinity and are endocytosed together with folate ("cargo")- After 
acidification of the endosomes and dissociation of receptors and folate, the cargo is 
released into the cytosol. possibly by anion transporters, and the FR is recycled back to 
the membrane. Binding of folate to its receptor is enhanced at acidic pH, and so is 
delivery of folate into RF-expressing cells [5]. Again, adjusting flie pH of the solution is 
critical for the activity of the uptake process through FR. In addition, the release of folate 
from endosomes into the cytosol is pH-dependent, being fester at acidic pH. 



6. It is known that a number of molecules can be taken up through tlie FR, if coupled to 
folate. If, as predicted, dODNs or DNA are taken up by FR-induced endocytosis, an 
acidic pH will enhance uptake, as was in fact observed by the present inventors. 
Moreover, it is possible that the pH dependence is different for different cargo molecules 
(dODN; DNA) and, thus, needs to be adjusted individually dependent on the 
physicochemical properties of the cargo. 

7. In conclusion, results of the present inventors suggest that, at a pH of 6.4, dODNs and 
DNA are preferentially taken up into target cells by binding to the folate receptor and 
subsequent endocytosis. At a physiological pH of 7.4, uptake of dODNs and DNA may 
occur mainly through RFCl. Besides pH, structural differences of dODNs and DNA will 
influence the affinity for binding and translocation by both mechanisms and impact on 
the relative contribution of RFCl and FR to overall uptake. The adjustment of pH 
therefore involves elaborate studies on the uptake of each individual dODN or DNA into 
model cells as a function of extracellular pH. If uptake cannot be measured directly, e.g. 
due to tlie lack of radiolabeled probes, the pH dependence of the cellular eflFects elicited 
by dODNs or DNA can serve as a readout. While further experiments will clarify, at a 
molecular level, the specifics of the transport system for dODNs and DNA, it is already 
clear that the adjustment of pH in this system is neither trivial nor mere optimization of a 
routine aspect. 

8. I declare that all statements made herein of my own knowledge are true, and that all 
statements of my own belief are believed to be true, and further that these statements 
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were made with the knowledge that willful false statements are punishable by fine or 
imprisonment, or both, under § 1 001 of title 1 8 of the United States Code. 



)ate Prof. Dr Gerhard Burckhardt 
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